Stormwater treatment by lamellar and conventional clarification, with and without flocculant addition, was investigated in Toronto, Ontario, using a pilot-scale rectangular clarifier vessel with removable lamellar plates. During the 2001 to 2003 field seasons, 76 stormwater runoff events were characterized with respect to flow and quality, and further investigated for stormwater treatment. Most stormwater constituent concentrations at this site exceeded those for the U.S. NURP median urban site. A cationic polymeric flocculant dosed at 4 mg/L, with lamellar clarification, provided the best results with a total suspended solids (TSS) removal of 83% at total vessel surface loads up to 36 m/h. The clarification processes produced a concentrated sludge, which was strongly polluted by heavy metals and would require special disposal procedures.
Introduction and Objectives
Concerns about impacts of urban stormwater discharges on receiving waters have led to the development of stormwater best management practices, which strive to prevent or mitigate such impacts by reducing runoff and enhancing stormwater quality mostly by passive treatment processes. In Canada, stormwater ponds and constructed wetlands are prevalently used for stormwater quality enhancement and serve many municipalities well by providing a range of environmental benefits and amenities (Marsalek and Chocat 2002) . Limitations of such facilities include land availability, heating of stored runoff in summer months, accumulation of polluted sediment contributing to habitat degradation and possible health concerns with mosquitoes breeding. Concerns regarding such limitations can be addressed by implementing a more compact intensive treatment, including lamellar settling with flocculant addition at facilities that could be located underground (Bennerstedt 2002; Briat and Delporte 1996; Bridoux et al. 1998; Daligault et al. 1999; Dastugue et al. 1993; Plum et al. 1998; Vetter et al. 2001) . Some of these options were addressed in this study striving to develop technologies for the implementation of the Toronto Wet Weather Flow Master Plan and for remedial actions with respect to the Toronto Waterfront.
Ontario's Stormwater Management Planning and Design Manual (Ontario Ministry of the Environment 2003) states that total suspended solids (TSS) removal with end-of-pipe controls such as wet ponds, wetlands and infiltration basins have generally shown consistent removal efficiencies of 60 to 80%. In areas of high development density or heavy construction, particularly in the City of Toronto, surface runoff can produce highly turbid flows that high-rate treatment systems with flocculant addition could abate. Since most pollutants appear to have a strong affinity to suspended solids, TSS removal would also improve the quality of urban stormwater with respect to other constituents (Marsalek et al. 1997) .
Another operation where high levels of TSS and their removal are of concern is the control of stormwater runoff from construction sites, particularly where it discharges into environmentally sensitive receiving waters such as lakes and fish spawning streams. In the Puget Sound Region of Washington State, polymer flocculation of stormwater runoff was employed for removal of fine sediments that could not be effectively removed by conventional control systems such as wet ponds and sediment traps (Benedict et al. 2004) . At nine construction sites, TSS removal in dual retention basins was enhanced by the addition of a polymer as the primary coagulant. The contents of each cell were released after a predetermined settling time and upon testing for residual turbidity, pH and acute toxicity. The initial stormwater turbidity levels ranging from 7 to 22,000 NTU were reduced by treatment to a range from 1 to 45 NTU. Effluent was reported to be nontoxic based on 96-h bioassays.
The objective of the study reported herein was to demonstrate the reliability of cationic polymeric flocculant-aided clarification processes, which were earlier successfully applied to treatment of stormwater in France (Briat and Delporte 1996) and combined sewer overflows (CSOs) in Toronto (Water Technology International 1999) and Windsor (Li et al. 2003) . Polymer additions to stormwater or CSOs greatly enhanced the settling rates and indicated that TSS removals from 50 to 95% could be achieved at total vessel surface loads equivalent to 30 m/h or higher. Such performance would meet the Ontario Ministry of the Environment (MOE) criteria for stormwater management, requiring TSS removals in the range from 60 to 80% (Ontario Ministry of the Environment 2003). In addition, the study was to determine the benefit or requirement of lamellar over conventional clarification. Besides TSS removal, effluent toxicity, sludge characterization and sludge disposal requirements were identified as concerns which needed to be addressed for this treatment process.
Experimental Apparatus and Methods
Stormwater treatment by constant rate clarification was studied during the 2001 field season (7 April to 13 December 2001) at a site in Toronto, Ontario. Several tests were also conducted in the 2002 and 2003 seasons although for both, the complete season was not monitored. The clarifier was fed with a submersible pump from a 2.5-m diameter storm sewer draining an area of almost 300 ha, comprising industrial, commercial and residential land. A temporary compound weir con-structed from plywood and angle iron was installed in the storm sewer downstream of the feed pump to provide stormwater flow measurement data.
The rectangular clarifier was 3 m long, 1.4 m wide and 2 m deep. The features of the clarifier, including inlet flow streamlining baffles and scum baffles designed to retain floating solids, are depicted in Fig. 1 . The clarifier lamellar plates were arranged longitudinally, which permitted the stormwater to flow parallel to the plates. Flocculated suspended solids were removed tangentially to the flow direction in the clarifier, by either sinking to the clarifier sump, or through flotation and retention via scum baffles. The clarifier total surface area of 4.1 m 2 was used solely to determine the surface loads for a direct comparison between lamellar and conventional clarification. In this paper surface load is equivalent to the term surface loading rate which is also commonly used in the literature (Metcalf and Eddy, Inc. 2003) . There is some ambiguity in the definition of the surface load; some authors base the surface load calculation on the surface area of the clarifier settling zone alone, which ignores the clarifier inlet and outlet zones, others on the projected surface area of only the lamellar plate pack if so equipped. The lamellar plate pack had a projected surface area of 6.5 m 2 . The clarifier hydraulic residence time at a surface load of 15 m/h was less than 6 min.
Sludge was not wasted from the clarifier until the end of the stormwater event. The clarifier was drained and cleaned when time permitted between successive events with the sludge and wastewater discharged to a sanitary sewer.
Stormwater events were determined and the process equipment and refrigerated auto-samplers were started automatically when stormwater flow in the storm sewer exceeded a pre-selected threshold of 0.2 m 3 /s. A minimum interval between successive events was not established, however, a minimum 30-min period would normally be required to re-set the auto-samplers. Stormwater level and clarifier flow data were logged at a 2-min frequency using a dedicated computer in 2001 and 2002. The data logging frequency during stormwater events was increased to once per minute in 2003. When the stormwater level in the storm sewer was below the event start threshold the normal data logging frequency was once per hour. The process controller was a SCADAPack unit from Control Microsystems Inc. A custom ladder logic process control program received input from a computer user interface terminal screen and controlled the pilot-scale apparatus. The user interface for entering experimental variables was prepared with Lookout software and resided on the data logging computer. The process controller provided stormwater event notification to the operator with a telephone auto-dialer.
A 14-m highway trailer and the clarifier were located outdoors in a fenced enclosure. Figure 2 depicts the pilot plant layout and process flow schematic. The highway trailer contained the process controller, data storage computer, effluent samplers, liquid polymeric flocculant storage tank, polymer metering pump and a control air com-pressor. A 37-mm ID pipeline from a nearby water hydrant, fitted with a backflow preventer valve, provided potable water for rinsing the clarifier and for diluting a commercial concentrated liquid polymer flocculant. The concentrated polymer solution contained 500 mg/mL of active material and had a one-year shelf life.
In-line static mixers were used for blending the potable water and concentrated liquid polymer and also for mixing the diluted flocculant solution and stormwater prior to clarification. The diluted polymer flocculant solution was prepared online as required, without maturation, and directly injected into the wastewater stream. The static mixers for the pilot-scale process apparatus were selected after considering a wide range of operating conditions and polymer flocculant dosages. The polymer flocculant static mixer was protected from debris in the tap water supply with a brass strainer in the upstream anti-siphon valve. The larger stormwater static mixer was selected due to its low headloss and anti-fouling features. A 12-mm OD stainless steel static mixer was used to mix the concentrated liquid polymer and a flow of potable dilution water. This Cole-Parmer tubular static mixer had a length of 600 mm and featured 32 alternating right-and left-hand helices. A positive displacement, progressive cavity metering pump with a capacity of 5 to 50 mL/min was used to inject concentrated polymer into the static mixer. The concentrated polymer flocculant was introduced through a 4-mm ID side port, at 90 degrees to the tap water flow immediately above the mixer inlet. The tap water flow was approximately 24 L/min and a typical polymer flow was 10 mL/min, which provided a 1:2400 polymer stock solution to tap water dilution ratio.
A 100-mm ID Chemineer HEV low headloss type static mixer was used to blend the diluted polymer and stormwater. This mixer featured six arrays of four trapezoidal mix tabs fixed at an acute angle to the downstream surface of the mixer conduit. The stormwater static mixer was fabricated from stainless steel and equipped with welded flanges. The stormwater static mixer was selected to have a pressure drop of less than 6 psi at a 2200 L/min flow rate. The diluted polymer flocculant solution was introduced through a 12-mm ID side port at 90 degrees to the stormwater flow immediately above the mixer inlet.
Stormwater inflow to the clarifier was measured by a magnetic flowmeter and controlled by a full bore diaphragm valve for all experiments in 2001 and 2002. The flow control valve was removed in 2003 to reduce pipeline headloss and permit experimentation at increased total vessel surface loads to 36 m/h. For the polymer pump flow control, a set-point control strategy and a calibrated line equation were used to provide a polymer pump control signal proportioned to the clarifier inlet flow. The volume of polymer consumed during each event was measured in a calibrated tank to confirm that the design polymer flocculant dosage was achieved. In 2003 an online turbidimeter was installed which monitored the raw stormwater turbidity and a solids flux polymer flocculant dosing strategy was implemented when the stormwater turbidity was less than 70 NTU corresponding to approximately 200 mg TSS/L. Discrete samples of the influent and effluent were usually collected with American Sigma Inc. auto samplers at a 10-min frequency during the first hour of an event, and subsequently every 20 min during the rest of the event. In 2003 only, two-hour composite samples were prepared for the analysis of stormwater BOD5, nutrients and metals; however, discrete samples were used for the TSS and VSS parameters.
Results
Study findings are presented first for stormwater characterization, followed by clarification results and discussion.
Stormwater Characterization
During the 2001 season, all 64 events were characterized with respect to runoff quantity. The seasonal mean event duration was 2.64 h, average stormwater flow was 0.71 m 3 /s, mean peak stormwater flow was 1.67 m 3 /s, mean event volume was 8500 m 3 , and the mean temperature of stormwater was 15.1°C. The total field season volume of stormwater from the drainage area served by the stormwater sewer studied in 2001 was 548,000 m 3 . Monitoring and sampling for the 2002 and 2003 seasons was not initiated until mid-season and not all stormwater events were quantified or sampled.
Over the 2001 season, 51 of 64 events were characterized for stormwater quality at this site. During 2002, 11 events were characterized for TSS and 3 events were sampled for other parameters. In the shorter sampling period of 2003, 16 stormwater events were characterized. Table 1 contains a summary of all stormwater quality data for constituent concentrations above the corresponding analytical method detection limits (MDL). As stated in Methods, all 2001 concentrations and TSS concentrations in 2002 and 2003 represent instantaneous values; the remaining concentrations correspond to composite samples prepared on an equal volume basis. Finally, for comparison U.S. NURP (U.S. Environmental Protection Agency 1983) median concentrations derived from event mean concentrations (EMC) are also listed.
The mean constituent concentrations observed were generally 1.6 times greater than those reported in the U.S. NURP program (U.S. Environmental Protection Agency 1983) for the median urban site shown in column 2 of Table 1 , but less than those reported for the 90 th percentile site. Thus, for most contaminants the stormwater at this site was significantly more polluted than that of the NURP 50 th percentile site. Note the NURP lead concentration reflects the situation prior to phasing lead out of gasoline.
Clarification Performance
Conventional clarification performance for stormwater treatment reported by Wood et al. (2004) indicated a TSS removal efficiency of only 5% at a surface load of 15 m/h. The next step in clarification process development was to increase the hydraulic effectiveness by incorporating lamellar plates or tube settling. Figure 3 presents unaided clarification of stormwater performance from literature data. Dastugue et al. (1993) operated a small pilot plant using lamellar settling of stormwater, with TSS removals ranging from 50 to 85% at surface loads to 20 m/h. Experience from Bordeaux (Briat and Delporte 1996) indicated fairly constant removals (about 50-65%) in the surface load range from 12 to 35 m/h, with a reduced efficiency (22%) at 47 m/h. Daligault et al. (1999) operated lamellar settlers in two catchments, with TSS removals of 54 and 28% for nominal surface loads of 4.8 and 7.2 m/h, respectively. Bennerstedt (2002) reported a TSS removal of 17% at a surface load of 2 m/h. Wood et al. (2004) reported TSS removal of 26% for lamellar settling of stormwater at a surface load of 15 m/h. Substantial improvement of stormwater settling can be achieved by chemical addition (Fig. 4) , which reduces capital costs as smaller clarifier vessels are required; however, operating and maintenance costs would be higher than in unaided clarification. For example, Wood et al. (2004) reported a TSS removal of 84% at 15 m/h, for addition of a polymer flocculant. Finally, higher performance was noted for ballasted flocculation or dense sludge processes. In pilot tests employing a ferrous chloride coagulant and an anionic polymer flocculant, Briat and Delporte (1996) found increased TSS removals of 59 to 95% for surface loads up to 90 m/h. Bridoux et al. (1998) reported TSS removals of 70% for surface loads up to 150 m/h. Similar results were reported for the DENSADEG process, which recirculates some sludge (Westrelin and Bourdelot 2001; Westrelin and d'Angeac 2004) . Removals of 80 to 95% were noted for surface loads ranging from 70 to 145 m/h. No further differentiation in performance data was possible, because most researchers did not report details of their method of clarifier surface load determination, thus caution is advised when interpreting the literature data.
In this study, a total of 73 lamellar and conventional clarification tests, with and without polymer addition, were completed during the 2001 to 2003 seasons. The numbers of tests for various conditions are listed in Table 2 . Only total vessel surface loads were considered as the basis for presenting direct comparison between the conventional and lamellar clarification processes. In this document only EMC based contaminant removal efficiencies are offered and these were expressed as a percentage and defined as:
The total efficiencies which would include the invessel stormwater storage contribution to removal effi-ciency would be greater particularly for shorter events and with lower total vessel surface loads. Figure 5 shows the lamellar clarification TSS removal performance with linear regressions included for the 4-and 8-mg polymer/L dosages with respect to total vessel surface load. Over the surface load range of 10 to 36 m/h the 4-mg/L polymer dosage provided the highest average TSS removals, which were relatively independent of the clarifier surface load. Clarification with a polymer dosage of 4 mg/L was found the most effective for removal of TSS and other pollutants, followed by 8 mg/L, 2 mg/L, and unaided clarification. The corresponding average concentration-based TSS removals for lamellar clarification were 83, 68, 61 and 26%, respectively, as presented in Table 3 . TSS removals for individual events were relatively consistent with the coefficient of variation of 0.115. For the polymer dosage of 4 mg/L, the removals ranged from 75 to 95%.
It was further noted that these removals with a polymer dosage of 4 mg/L did not depend on the EMC of TSS and that similar performance extended over a wide range of total vessel surface loads from 15 to 36 m/h. Average removals of other constituents were lower, e.g., just 26% for c.BOD5, 46% for COD, and 52 to 64% for the metals studied. Removals of c.BOD5 and COD were weakly correlated with TSS concentrations; the higher TSS EMCs produced higher removals of both c.BOD5 and COD.
In conventional clarification tests, the flocculant dosage of 4 mg/L again produced the highest removal of TSS (52% as presented in Table 4 ), but such a removal was not significantly different from that of the 47% removal obtained with the 2-mg/L dosage, which was coincident with lower influent stormwater TSS concentrations.
The stormwater TSS instantaneous concentrations depicted as influents for the lamellar and conventional clarifier are compared in Fig. 6 with the corresponding Fig. 6 the legend value for n represents the number of TSS samples analyzed. The stormwater influent TSS mean of 189 mg/L for lamellar clarification was higher than the corresponding influent TSS mean of 124 mg/L for conventional clarification. The lamellar clarification data presented in Fig. 6 represented a total of 43 h of operation during 16 stormwater events. Similarly, the conventional clarification data (in Fig. 6 ) represented a total of 24 h of operation during 7 stormwater events. All TSS concentrations below the detection limit were considered as equal to the MDL of 5 mg/L. The conventional clarifier was operated in constant rate mode at a total vessel surface load of 15 m/h during two tests in 2001 (Fig. 7) . The events included in Fig. 7 were selected on the basis of similar raw stormwater TSS concentrations. The upper plot (2 November 2001) was conducted without the polymeric flocculant and the lower plot utilized a 4-mg polymer/L dosage. The use of the polymeric flocculant in the lower plot of Fig. 7 resulted in an increase in TSS removal efficiency from 9 to 43% over the unaided test in the upper part of Fig. 7 .
Clarifier Sludges
The lamellar and conventional clarifier sludge concentrations established from grab samples at the end of most events are presented in Tables 5 and 6. With both the lamellar and conventional clarification processes, a concentrated sludge with a total solids content greater than 13% and a total solids volatility of 20% was produced. Interestingly, tests without polymer also produced concentrated sludges with similar constituent concentrations. Floating sludge was occasionally sampled and similar constituent concentrations were found with the exception of lower total solids (approximately 60% of the settled sludge level or 9.3%).
Discussion
The average stormwater flow weighted TSS concentration from 76 events over the 2001 to 2003 seasons was 247 mg/L which was significantly higher than the seasonal means of all discrete samples having a range of 157 to 206 mg/L presented in Table 1 . Thus, higher stormwater flows typically contain higher levels of TSS and other pollutants. Toronto CSOs from Massey Creek characterized by Water Technology International (1999) listed a flow weighted TSS concentration of 328 mg/L from 143 events, which was 33% higher than the stormwater at this site. The other significant difference between Toronto CSO suspensions and stormwater was a lower TSS volatility for stormwater of 17 to 26% compared to 55% for CSOs. Stormwater concentrations of ammonia, TKN and phosphorus were also less than half of typical CSO contaminant levels. Typically, the highest stormwater pollutant concentrations corresponded with the highest flows in the storm sewer; however, during extended rainfall events the TSS pollutant concentrations often decreased with event duration. Significant savings in polymer flocculant may be realized if online turbidity instrumentation was included and a solids flux proportional flocculant dosage implemented.
The performance of the lamellar clarifier at a surface load of 15 m/h on a total vessel surface area basis with an economic 4-mg/L polymer flocculant dosage achieved an 80% TSS removal to obtain an enhanced protection level for sensitive aquatic habitats (Ontario Ministry of the Environment 2003). Thus, further testing with increased surface loads and higher polymer dosages were included in the 2003 season. The polymeric flocculant-aided lamellar clarification results with the stormwater from this study were in agreement with performance data from similar processes treating CSO in Toronto (Water Technology International 1999) and stormwater in Bordeaux, France (Briat and Delporte 1996) .
Considering an average clarifier total vessel surface load of 15 m/h, an average stormwater event volume of 8500 m 3 , an average event length of 2.64 h and a clarifier depth of 2 m, the volume available within the clarification vessel would be 428 m 3 or only 5% of the average stormwater event volume. Consequently, the available volumetric storage capacity within the clarification vessel would be very limited relative to the typical stormwater event volumes.
Large stormwater detention/clarification tanks usually feature low design surface loads and the contaminant total removal efficiencies benefit from the associated 100% efficiency of stormwater storage for part of the event within the treatment vessel. For example in Fig. 8 , at a total vessel surface load of 5 m/h and considering a 3-h stormwater event length, 10% of the stormwater event volume would be stored in the vessel. If at the end of the storm event, the contents of the clarification vessel were discharged to a secondary wastewater treatment facility, the remaining contaminants would realize a high level of treatment. In Fig. 8 considering the geometry of the pilot vessel and, for example, Fig. 7 . Comparison of conventional clarification of stormwater at a total vessel surface load of 15 m/h without and with a 4-mg polymer/L dosage. at a high-rate surface load of 30 m/h and for a 3-h stormwater event length, less than 2% of the total stormwater event volume would correspond to the storage volume available within the vessel. Figure 9 compares the projected ratio of sludge volume to clarifier volume for three event lengths assuming a TSS removal efficiency of 75% and a 15% clarifier sludge total solids concentration. The important point to note is during high surface loads to the clarifier, a large volume would be required for sludge storage within the vessel during longer events. An ancillary sludge storage thickener or tank would be necessary to retain the sludge until capacity was available at the local wastewater treatment facility.
To address concerns about possible toxicity of polymer treated stormwater (Marsalek et al. 1999) , both the raw stormwater influent and treated effluent were tested with two acute toxicity tests, Microtox and the 96-h acute toxicity rainbow trout bioassay. In 26 stormwater event tests of fish toxicity, only two events with acutely toxic influent and effluent were observed, during lamellar clarification tests without polymer addition and with an 8-mg/L polymer dosage. During five other events with the polymeric flocculant, some influent stormwater fish toxicity was noted in warm weather and for elevated concentrations of TSS, COD, Cu, Mn and Zn. Two of the tests with polymer flocculant addition and a quantifiable level of raw stormwater toxicity, demonstrated a decrease in the level of fish toxicity in the process effluent as compared to the raw stormwater influent.
One of the stormwater treatment considerations was the recovery of residual sludge and its quality. The separated sludge may be more economically recovered in a clarification process than from stormwater settling ponds. On a seasonal basis less than 5% of the separated solids were observed to float in the clarifier during operation. Floating sludge formed primarily during vessel filling when the elevated clarifier inlet caused a brief waterfall effect resulting in high aeration and some foaming. Clarifier bottom sludge was sampled and the quality was determined for 14 constituents and assessed against available Canadian freshwater aquatic sediment quality criteria in Table 7 . and Zn exceeded the severe effect levels in the Ontario Ministry of the Environment (1992) criteria and the sludge would require special disposal considerations.
Near the Toronto study site, the storm sewer outfall discharges to a lakeside stormwater pond with approximate surface dimensions of 38 m wide and 75 m long. On three occasions Mayer et al. (1996) sampled bottom sediments from the stormwater pond and mean results are presented in column 5 of Table 7 . Most stormwater pond sediment metal concentrations were similar to the mean clarifier sludge concentrations, however the clarifier sludge contained approximately twice the levels of manganese and zinc. Differences may have resulted from higher metal removal efficiencies for manganese and zinc in the clarification process in the 2001 to 2003 period, or from lower raw stormwater concentrations experienced in 1996. The mean concentration of cadmium in the clarifier sludge was 30 times the method detection limit and differences in raw stormwater concentrations between 1996 and 2001 to 2003 may account for the different cadmium levels between the stormwater pond sediment and clarifier sludge concentrations.
The Ontario guidelines for aquatic sediment quality (Ontario Ministry of the Environment 1992) were selected for Table 7 in place of guidelines for municipal sewage sludge since the stormwater from this site is routinely discharged to the receiving water subject to quality enhancement in the relatively small stormwater pond, which would be expected to achieve minimal contaminant removal.
The total phosphorus content in the clarifier sludge was on average 471 µg/g, however the majority of samples were well below the Provincial Guidelines for Aquatic Sediment lowest effect level (Ontario Ministry of the Environment 1992) of 600 µg/g. The TKN content in the clarifier sludge was 2349 µg/g and most 2003 sludge samples were near the Provincial Guideline for Aquatic Sediments severe effect level (Ontario Ministry of the Environment 1992) of 4800 µg/g. The nutrient levels of the clarifier sludge have the potential to affect some sensitive benthic organisms and water uses, however the copper and zinc concentrations of the sludge require special disposal considerations such as a hazardous waste landfill.
Conclusions
The stormwater at the study site was significantly contaminated with TSS and metals. Uncontrolled discharges of such stormwater when compared to the data reported for the U.S. NURP median site would negatively affect the receiving water quality, and their effects would have to be mitigated by treatment processes, some of which were investigated in this study.
Lamellar plate clarification with polymeric flocculant addition was found effective in TSS removal from stormwater, at a polymer dosage of 4 mg/L and total vessel surface loads of 15 to 36 m/h (mean TSS removal 83%). Significantly lower contaminant removals were obtained for other constituents (c.BOD5, COD, nutrients and metals). The process performance for stormwater was similar to previous results with stormwater and CSO suspensions and the applicability of the process to another site with different wastewater characteristics was demonstrated. The high-rate capabilities of the polymer-aided lamellar clarification process would provide an extremely compact and economic option for either CSO or stormwater treatment. A downside of this process may be maintenance costs arising from the need to clean the lamella plates between events. Such cleaning is made more laborious by polymer addition, which adheres the separated solids to the plates and to all wetted vessel surfaces.
A concentrated sludge with a 16% TS content was produced by the polymer-aided lamellar clarification process which might permit a greater range of less expensive handling options than, for example, sediments recovered from a passive stormwater pond.
The use of a high molecular weight polymeric cationic flocculant did not increase the process effluent toxicity, as determined in this study by tests on the raw stormwaters and process effluents, using two acute toxicity tests: the Microtox and rainbow trout fish bioassay.
The combination of high-rate lamellar clarification and polymeric flocculant addition improved the unaided conventional clarification efficiency and could be well applied in stormwater management projects requiring intensive stormwater treatment in a compact area.
